BACKGROUND {#S1}
==========

With a global estimate of 2.5 million new infections of HIV occurring yearly and even more undiagnosed cases waiting to be discovered, research into methods of HIV transmission prevention is a critical step in combating the global AIDS pandemic.[@B1] Pre-exposure chemoprophylaxis (PrEP) is being explored as a novel strategy to stem the spread of HIV in at-risk patient populations such as men who have sex with men (MSM), injecting drug users (IDU), and female sex workers. While the timing differs, the end goal of preventing HIV transmission via PrEP is similar to that of post-exposure prophylaxis (PEP). PEP is the practice of taking antiretrovirals (ARVs) to prevent infection after a potential or inadvertent exposure (e.g. accidental occupational needle-stick or victim of sexual assault). PEP has been a widely accepted practice by healthcare practitioners for many years.[@B2],[@B3] As the name implies, PrEP simply transitions the concept of chemoprophylaxis use after an exposure event, and instead, attempts to prevent transmission before the exposure occurs. The impetus for the development of PrEP was the extensive and increasingly successful use of prophylaxis for mother-to-infant transmission with ARVs as well as promising animal studies that repeatedly exposed primates receiving antiretroviral PrEP to an HIV-like virus without actual disease transmission.[@B4]

PrEP is not a universally agreed upon approach for preventing the spread of HIV as its acceptance has been marred by controversy and it has even been labeled as the "evening before pill".[@B5] More alarmingly, PrEP trials have consistently prompted public protest demonstrations centered around the ethical appropriateness of the studies, forcing the halt of several trials in Asia and Africa.[@B6],[@B7] In addition to ethical considerations, at least one trial has been prematurely discontinued due to concerns that PrEP use could complicate future treatment of HIV-infected individuals.[@B8] However, there are reasons that PrEP is still being actively pursued as a potential weapon in our pharmacological arsenal against HIV. Two of the prime reasons that PrEP has generated interest include encouraging preclinical data and its potential for positive global impact.

CHEMOTHERAPEUTIC AGENTS USED IN PrEP {#S2}
====================================

No medication has been approved by the Food and Drug Administration (FDA) for use as PrEP in the United States (US). Nor is PrEP listed as a non-FDA approved use in commonly used drug compendia.[@B9]-[@B12] The earliest published study for PrEP was a Phase I/II safety and pharmacokinetic study using nevirapine. However, no efficacy data for nevirapine has been reported since the original publication and efforts have since shifted to tenofovir-based approaches.[@B13]-[@B22] Specifically, tenofovir (also known as tenofovir disoproxil fumarate or TDF) alone and Combo-PrEP (as tenofovir and emtricitabine) have been studied, with TDF plus emtricitabine and efavirenz, garnering some interest as an agent for PrEP.[@B23],[@B24] Additionally, two newer agents, etravirine and maraviroc, also used to treat HIV, have demonstrated high enough concentrations in blood or tissue to raise interest in their use as PrEP.[@B25]-[@B27] All oral agents studied were at normal FDA approved doses for treatment of HIV infection. Other potential compounds for PrEP and the criteria for selecting them have been detailed elsewhere.[@B14]

POPULATIONS STUDIED/SURVEYED {#S3}
============================

The increasing interest in PrEP as a method to curtail the continuing spread of the HIV epidemic is illustrated by the number of studies that have been initiated and planned within the last several years. Current, completed, and ongoing studies of PrEP are primarily being conducted in Sub-Saharan Africa, Southeast Asia and South America.[@B15]-[@B17] A trial in the US is also being coordinated between centers in San Francisco, Boston and Atlanta.16 These studies are focusing on parameters including safety and efficacy and the effects of PrEP on HIV risk behaviors across populations, including IDU, MSM, female sex workers, serodiscordant couples (i.e. where one partner is HIV positive and the other is not), and heterosexual men and women.

Studies {#S4}
-------

### Completed/Halted Studies {#S5}

The only completed study on the efficacy and safety of PrEP was a double-blind, randomized, placebo-controlled trial conducted by Family Health International (FHI) and funded by the Bill & Melinda Gates Foundation (BMGF).[@B15] The study participants were 936 HIV negative women between the ages of 18 and 35 at high risk for HIV infection in Ghana, Cameroon, and Nigeria. High-risk was defined as an average of three to four coital acts per week and four or more sexual partners per month. Patients were randomized to receive either oral 300 mg of TDF or oral placebo for up to a 12 month follow up between June 2004 and March 2006. Safety was assessed by monitoring for elevated blood levels of phosphorous, creatinine, and aspartate aminotransferase or alanine aminotransferase, and the efficacy endpoint was HIV-1 or HIV-2 infection. Unfortunately, the Cameroon and Nigeria sites were closed before the trial ended, which limited the power of the study. Because the trial was unable to enroll the targeted 400 participants per site, the number of evaluated person-years of follow up was insufficient to draw conclusions about efficacy. The efficacy in 859 patients was analyzed using 232.6 person-years of follow up in the TDF group and 241.3 person-years in the placebo group. Two seroconversions occurred in the TDF arm (rate=0.86 per 100 person-years) versus six seroconversions in the placebo arm (rate=2.48 per 100 person-years), yielding a total of eight newly diagnosed HIV infections among the participants, rate ratio of 0.35 (95%CI=0.03 -- 1.93; p=0.24). There was no indication of resistance to TDF from the one seroconverted participant's blood that was available for testing.

Safety was assessed using 210.2 person-years in the TDF group and 217.6 person-years in the placebo group, which revealed no significant differences between the TDF and placebo arms in clinical or laboratory safety outcomes, and the investigators were able to conclude that use of oral TDF in HIV negative women did not show an increase in the adverse events that were evaluated. The investigators found that sexual behavior changed during the study period. From the time of screening to trial follow up, the average number of coital acts per week rose from 12 to 15, but the number of sex partners in the previous 30 days fell from 21 to 14. Additionally, average condom use improved from 52% at the time of screening to 92% at follow up. Of note, TDF was discontinued during the 52 pregnancies per 100-person years that were reported during the trial. The investigators hypothesized that these changes were likely due to the intense counseling that the participants received during the trial on safer sex practices and the likelihood that the act of taking a daily pill resulted in an increased incidence of behavior modification in order to prevent HIV infection.

To date, four PrEP trials have been halted due to public protest, ethical and medical concerns, and site logistics.[@B6],[@B8] Two trials, one each in Cambodia and Cameroon, have been stopped due to outrage about the perception of unethical treatment of study participants[@B6], and public protest consequently led to the closing of the studies by the government of each country. The Cambodian trial, funded by the National Institutes of Health (NIH) and BMGF, ended when concerns were raised about the level of healthcare being provided to the study participants. Issues in question included counseling services, insurance provision, and medical follow-up for participants who seroconverted during the trial. Soon to follow, the Cameroonian trial, led by the FHI, was ceased due to similar protests and allegations. Data from patients already participating in this study were included in the results of the Ghana trial.

Another trial that was halted before enrollment could take place was scheduled to commence in 2005 in Malawi.[@B8] Government officials stopped it citing a fear that resistance would develop to TDF, rendering it useless as a future treatment option for HIV. Finally, a trial taking place in Nigeria was halted by the sponsor, FHI, at the recommendation of the independent Data and Safety Monitoring Committee overseeing the study due to "insurmountable problems with the operational and laboratory facilities".[@B6] This trial was discontinued after 100 patients had already been randomized into the program and data from those patients were also incorporated into the results for the Ghana study. An overview of all of the completed and halted trials discussed is available in [Table 1](#T1){ref-type="table"}.

###### 

Completed or halted PrEP trials

  --------------------------------------------------------------------------------------------------------------------------------------------- ----- -------------- ---------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Location                                                                                                                                      n     Participants   Funding Source   Outcomes
  Ghana[@B15] NCT00122486 (Data gathered in Nigeria and Cameroon prior to closure of trials at these sites was also included in the analysis)   936   Women          FHI              Study completed in 2006TDF versus placebo trial resulted in 6 infections among placebo users and 2 infections among TDF usersNo statistical differences in efficacy were demonstrated between placebo and study drugNo statistical differences in occurrence of adverse events were found between placebo and study drugNo evidence of flares in hepatitis after TDF discontinuation (TDF is also used to treat hepatitis B)
  Cambodia[@B6] NCT00078182                                                                                                                     960   Women          NIH FHI          Trial terminated pre-enrollmentStandards of healthcare being provided to study participants in questionEthics of trial came under scrutiny by local and international activist groups
  Cameroon[@B6] NCT00122486                                                                                                                     400   Women          FHI              Trial terminated post-enrollmentCancelled due to international debate regarding same ethical controversy that ended Cambodia trial
  Malawi[@B8] NCT00122512                                                                                                                       400   Men            FHI              Trial terminated in November 2005 pre-enrollmentMalawi Ministry of Health questioned the advisability of using TDF for PrEPConcerned that utilization could complicate use of drug in HIV-infected individuals in the future
  Nigeria[@B6] NCT00122486                                                                                                                      400   Women          FHI              Trial terminated by trial sponsors post-enrollmentCapacity of local trial sites was questioned
  --------------------------------------------------------------------------------------------------------------------------------------------- ----- -------------- ---------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

n=number of participants; FHI=Family Health International; TDF=tenofovir disoproxil fumarate; NIH=United States National Institutes of Health

### Ongoing Studies {#S6}

While the controversy surrounding PrEP has compromised many study efforts, there are still several ongoing international trials in various stages of planning and completion.[@B16],[@B17] One study currently underway in the US targets the MSM populations in Boston, San Francisco and Atlanta with an expected completion date of 2009.[@B16] The Centers for Disease Control and Prevention (CDC) sponsored study is fully enrolled with 400 HIV negative, high-risk participants. Subjects were randomized to receive either TDF or placebo immediately or to receive either TDF or placebo after nine months. The study objectives are to determine the clinical and behavioral safety of PrEP, and the investigators will attempt to compare risk behaviors among the four arms.

An even more ambitious trial of PrEP in MSM is the iPrEx study, which has enrolled over 700 participants and is targeting 3000 participants total.[@B17] This study, sponsored by several agencies, including the NIH and BMGF, has sites in Peru, Ecuador, and the US, with several other countries invited to participate. The study plans on evaluating TDF plus emtricitabine versus placebo and will endeavor to establish both safety and efficacy of PrEP in high-risk MSM.

Two additional CDC sponsored safety and efficacy studies are currently enrolling participants: one in Thailand and one in Botswana.[@B16] The Thailand study is investigating TDF versus placebo in 2400 IDU being recruited at 17 centers throughout Bangkok. The Botswana trial is currently in the process of enrolling 1200 heterosexual men and women to investigate TDF plus emtricitabine. The Thailand study is scheduled to conclude in 2009 and the Botswana study will finish in 2010. And, finally, the Partners PrEP Study, funded by BMGF, is currently enrolling 3900 serodiscordant couples in Kenya and Uganda to study the safety and efficacy of TDF and TDF plus emtricitabine and is scheduled to conclude in 2013.[@B18],[@B20] Further details of all of the ongoing studies discussed are provided in [Table 2](#T2){ref-type="table"}.

###### 

Ongoing PrEP studies

  ------------------------------------------------------------------------------------------- --------------------- ------ ----------------------------- --------------------------------------------------------------- ---------------- --------------------- ------------------------ -----------------------------
  Location                                                                                    Study Name            n      Participants                  Study Medication(s)                                             Funding Source   Enrollment Status     Anticipated Start Date   Anticipated Completion Date
  United States[@B16] NCT00131677                                                             N/A                   400    MSM                           TDF                                                             CDC              Fully enrolled        2005                     2009
  Thailand[@B16] NCT00119106                                                                  N/A                   2000   IDU                           TDF                                                             CDC              Currently enrolling   2005                     2009
  Botswana[@B16] NCT0044866                                                                   N/A                   1200   Heterosexu al men and women   TDF + FTC (switched from TDF only during 1st quarter of 2007)   CDC              Currently enrolling   2007                     2010
  Peru, Ecuador, United States, (additional sites have also been invited)[@B17] NCT00458393   iPrEX                 3000   MSM                           TDF + FTC                                                       NIH BMGF         Currently enrolling   2007                     2010
  Kenya, Uganda[@B18],[@B20] NCT00557245                                                      Partners PrEP Study   3900   Serodiscord ant couples       TDF TDF + FTC                                                   BMGF             Currently enrolling   2008                     2013
  ------------------------------------------------------------------------------------------- --------------------- ------ ----------------------------- --------------------------------------------------------------- ---------------- --------------------- ------------------------ -----------------------------

n=number of participants; N/A=not available or not applicable; MSM=men who have sex with men; TDF=tenofovir disoproxil fumarate; CDC=United States Centers for Disease Control; IDU=injecting drug users; FTC=emtricitabine; NIH=United States National Institutes of Health; BMGF=Bill & Melinda Gates Foundation

### Planned Studies {#S7}

Additional studies are currently in the pipeline for PrEP focusing on two separate populations.[@B18]-[@B21] The FEM-PrEP trial, to be conducted in Kenya, Malawi, South Africa, and Tanzania, anticipates enrollment of 3900 high-risk females to study the efficacy and safety of TDF plus emtricitabine.[@B18],[@B21] Finally, the VOICE Study has the most aggressive enrollment plan of any study to date.[@B18],[@B19] The Microbicide Trials Network (MTN) and NIH co-sponsored trial anticipates enrollment of 4200 sexually active women to determine the safety and efficacy of TDF orally, TDF plus emtricitabine orally, and TDF vaginally. Both of these trials were originally scheduled to begin in 2008: FEM-PrEP in the third quarter and VOICE in the fourth quarter. Anticipated completion dates and supplemental information are delineated in [Table 3](#T3){ref-type="table"}.

###### 

Planned PrEP studies

  ---------------------------------------------------------------- ------------- ------ ----------------------- ------------------------------ ---------------- ------------------------ -----------------------------
  Location                                                         Study Name    n      Participants            Pharmacological PrEP Regimen   Funding Source   Anticipated Start Date   Anticipated Completion Date
  Kenya, Malawi, South Africa, Tanzania[@B18],[@B21] NCT00625404   FEM-PrEP      3900   High-risk women         TDF + FTC                      FHI USAID        1st quarter of 2009      2013
  Malawi, South Africa, Zambia, Zimbabwe[@B18],[@B19]              VOICE Study   4200   Sexually active women   TDF TDF + FTC TDF Gel          MTN NIH          4th quarter of 2008      2011
  ---------------------------------------------------------------- ------------- ------ ----------------------- ------------------------------ ---------------- ------------------------ -----------------------------

n=number of participants; TDF=tenofovir disoproxil furmarate; FTC=emtricitabine; BMGF=Bill & Melinda Gates Foundation; FHI=Family Health International; USAID=United States Agency for International Development; MTN=Microbicide Trials Network

CHALLENGES TO NAVIGATE {#S8}
======================

While the discovery of reliable methods to prevent HIV transmission is critical to stop the global spread of the disease, the road to this knowledge has proven difficult to navigate. Ethical concerns, patient recruitment, study design, and site requirements are just a few of the challenges that researchers and sponsors face when trying to implement a PrEP trial.

Barriers to Practice Implementation {#S9}
-----------------------------------

Even if efficacy of PrEP therapy is established and ultimately approved by the FDA, the long term durability of preventative HIV treatment may be compromised as seen in Highly Active Antiretroviral Therapy (HAART) by emerging resistance due to patients' non-adherence. Presently, most of the data that presumes PrEP therapy will not lead to resistance of future ARV therapy is generalized from the clinical findings of the ongoing Botswana trial.[@B28] Ultimately, long-term follow-up is necessary in order to evaluate the safety and efficacy of PrEP. Additionally, strong clinical evidence shows that non-compliance or intermittent use of HAART quickly leads to viral mutation and resistance in standard HIV treatment.[@B29]-[@B31] It is therefore scientifically reasonable that intermittent use of PrEP can put selective pressure on the viral strain that study participants carry, potentially leading to the development of mutation and resistance. These concerns have already led to the discontinuation of one trial.[@B8]

An increase in risky behavior practices is also of concern and elucidating the influence of PrEP use on behavior has been a focus of researchers. There have been numerous findings indicating that increased sexual risk taking, a resurgence of sexually transmitted infections, and an increased incidence of HIV among MSM has occurred globally following the introduction of HAART.[@B32] Therefore, it is understandable that the potential for PrEP to encourage risky behavior is a serious concern. As PrEP gained notoriety in the media, anecdotal reports of its use among individuals increased -- especially in the MSM population.[@B33] This is of particular concern as it is being used in conjunction with "club drugs" in unmonitored, high-risk patients who may unknowingly seroconvert.[@B33],[@B34] The wealth of misinformation that exists surrounding the use of PrEP threatens to derail the future success of the therapy. However, this negative outcome may be attenuated if effective educational initiatives and behavioral therapy can be implemented to increase the use of barrier methods including condoms and decrease activities such as needle sharing.

Another pragmatic consideration with the implementation of PrEP is the cost for patients to obtain this type of therapy. There is ongoing debate as to whether biomedical prevention approaches are reasonable and if they should be considered for health insurance coverage.[@B32] Insurers will need to determine if they will cover drugs such as TDF for non-FDA approved PrEP therapy as drugs are similarly covered for other off-label uses.32 Unless clinical trials provide enough evidence for medications to gain FDA approval with PrEP as an indication, most insurers will likely remain wary of undertaking such economic and legal responsibilities. The cost of PrEP per infection avoided should be lower than the estimated lifetime treatment cost of an HIV-infected individual in order for therapy to be considered cost-effective.[@B14] This may be captured more substantially in populations where high and extremely high rates of risk behavior exist.

Source(s) of PrEP-targeted Antiretrovirals {#S10}
------------------------------------------

The caution about resistance developing is especially warranted in PrEP use that takes place outside of controlled or study settings. As awareness of this novel, unapproved therapy spreads globally, the methods by which PrEP users obtain their medication will be of vital concern. Some physicians are writing prescriptions for the off-label use of HIV drugs for their patients.[@B35] Other suppliers of PrEP may be friends or colleagues who take TDF as part of their HAART regimen. That scenario could create a domino effect in which neither the individual trying to employ PrEP nor the HIV positive friend is taking a sufficient dosage to be effective.

With the advent of Internet pharmacy, it is also possible that patients are purchasing HIV medications without the knowledge of healthcare professionals, seroconverting, and eliminating those drugs as future treatment options. The quality of antiretroviral drugs purchased from the Internet may also be of suspect quality and thus may not confer any protection -- especially in light of the recent reports that up to 62% of all medicines purchased online are counterfeit or do not meet minimal quality standards.[@B36] However, the lure of the Internet can be strong since Internet pricing for TDF or TDF plus emtricitabine can be substantially lower than that available from retail pharmacies, and many Internet pharmacy websites advertise these medications at up to 90% less than chain pharmacies.[@B37]-[@B39] However, the quality of medications obtained via the Internet is not the only concern with this mode of acquisition. There is also the potential risk for various adverse effects and drug interactions in patients who are not appropriately managed.[@B33]

ROLE OF THE PHARMACIST {#S11}
======================

When confronted with questions regarding PrEP, pharmacists need to be able to make informed and appropriate recommendations to their patients about its safety, efficacy, and acquisition. Until additional clinical trials have been concluded, the safety and efficacy of PrEP remains to be established, and patients should carefully weigh the risks versus benefits of using an unproven regimen.

One area where pharmacists can make an essential intervention is in the process of patient acquisition of medications for PrEP. With medications of all types so readily available on the Internet without a prescription, acquiring PrEP medications has become much easier. Pharmacists should counsel patients about the inadvisability of obtaining medications from a disreputable source on the Internet. Patients should be made aware of the high percentage of counterfeit medications that are being sold by online pharmacies and cautioned about the dangers of obtaining medications that have not been subjected to the rigorous tracking requirements. Pharmacists can also direct patients who have a valid prescription to those Internet pharmacies that have received the National Association of Boards of Pharmacy (NABP) Verified Internet Pharmacy Practice Sites (VIPPS) designation of "Recommended Internet Pharmacy".[@B40] This designation indicates that the pharmacy is in compliance with the requirements of the state in which they operate, as well as all of the states to which they dispense medications. The NABP also provides a publicly accessible list of Internet pharmacy websites that are "Not Recommended Sites" for demonstrating a deficiency in one or more of five categories: 1) licensure and residency, 2) prescriptions, 3) patient privacy, 4) customer service, or 5) professional practices.

Pharmacists can also discuss the pitfalls of borrowing or sharing medications. Pharmacists should dissuade patients from these practices, which could lead to resistance and possible treatment failure on the part of the lender. In addition to the clinical complications that can arise from medication sharing, there are logistical problems as well. Many HIV patients obtain their medications through federal, state, or private funding sources.[@B41] These programs typically do not allow patients to refill their prescriptions early or have policies in place for medication adherence requirements.

Another potential problem with PrEP use that lends itself well to pharmacist intervention is drug or disease state management. Many HIV medications, including those popularly used as PrEP, have clinically important drug interactions or interfere with certain disease states. For example, TDF and emtricitabine both carry a black box warning stating that the drugs should be used with extreme caution in patients who have risk factors for, or known, hepatitis or hepatic disease.[@B22],[@B23] These classes of medications can cause severe or fatal complications, such as lactic acidosis, in this patient population. Also, both TDF and emtricitabine have warnings about immune reconstitution syndrome (IRS) in patients on combination therapy, though the likelihood in this patient population is low. IRS is characterized by a severe inflammatory response in patients with latent or residual opportunistic infections including Mycobacterium avium complex, cytomegalovirus, Pneumocystis jiroveci pneumonia, or tuberculosis. Drug interactions should also be a concern for patients taking undocumented TDF or emtricitabine. Both interact with other medications commonly employed in the HIV population, including medications used to treat the disease itself and the opportunistic infections often seen in this patient group. Pharmacists should caution patients that if they are going to use PrEP, it is important that the pharmacist and physician are both aware of the practice so that it can be factored into the patient's overall treatment plan.

Lastly, patients motivated by concern about their risk for infection are the ones asking questions about this type of prevention strategy. Pharmacists are in a prime position to educate their patients on traditional prevention strategies as well. Both sexual and IDU abstinence remain the most reliable methods of preventing transmission, although this approach is not a likely to be embraced. Therefore, educating patients on the use of barrier methods with the use of condoms made of latex, polyurethane, or other synthetic materials used consistently and correctly with lubricant during each and every sexual act is important. Additionally, to prevent injection-related transmission, abstaining from sharing injection equipment (e.g., syringes, needles, cookers, cottons, water) with other persons is the most reliable traditional method pharmacists currently have to help patients address their concern regarding HIV prevention.[@B42]

CONCLUSIONS {#S12}
===========

With a vaccine or cure currently out of reach, effective methods to help stem the spread of HIV are necessary if we are to have any hope of reining in the proliferation of the virus and slowing the global pandemic. While the potential for PrEP to make a positive global impact is promising, more extensive trials are necessary to establish its safety and efficacy. Pharmacists are well-positioned to play a key role in helping patients make choices about PrEP, managing their therapy, and developing policy with an eye towards the future.
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